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1.  BACKGROUND 


CSA  Group  is  interested  in  providing  coatings  for  potential  electroplated  Cr  replacement.  The  group 
reportedly  has  the  capability  to  deposit  refractory  metals  on  steel.  The  Army  has  interest  in  Cr 
replacement  technologies  both  for  performance  and  environmental  considerations. 

2.  EXPERIMENTAL  PROCEDURE 

2.1.  Coating  Specimens 

Three  (3)  each  3"x5"  4340  plates  in  the  quenched  and  tempered  condition  (HRC  35-43)  were  sent  to  CSA 
Group  for  coating.  Prior  teleconference  indicated  that  CSA  Group  has  the  capability  to  coat  specimens 
with  Nb,  Ta,  and  Cr.  Deposition  temperature  was  reported  to  be  ~1350  °F.  All  coatings  received  were  of 
the  Niobium-Boron  (Nb-B)  type. 

2.2.  Coating  Thickness 

Coating  thickness  measurements  were  made  with  a  magnetic  lift-off  gauge  (Karl  Deutsch  Model 
Leptoskop  2040)  on  each  coated  plate.  A  minimum  of  five  (5)  measurements  were  taken  on  each  side  of 
each  plate. 

2.3. ASTM  Adhesion  Testing 

Adhesion  testing  was  conducted  in  accordance  with  ASTM  B571,  "Standard  Practice  for  Qualitative 
Adhesion  Testing  of  Metallic  Coatings",  using  Method  13.1  -  "Scribe-Grid  Test".  In  this  test  a  rectangular 
grid  pattern  is  scribed  and  if  any  portion  of  the  coating  between  the  lines  exhibits  adhesive  failure,  the 
adhesion  is  deemed  inadequate.  The  test  is  particularly  aggressive  for  hard  coatings. 

2.4.  Microstructural/Composition  Evaluation 

Specimens  were  prepared  in  metallographic  mounts  for  cross-sectional  evaluation.  Both  adhesion  test 
samples  as  well  as  samples  in  metallographic  mounts  were  examined  in  an  FBI  Nanolab  600i  Field 
Emission  Scanning  Electron  Microscope  (FE-SEM)  operating  at  10  kV  and  equipped  with  Energy 
Dispersive  Spectroscopy  (EDS)  for  elemental  analysis. 

3.  RESULTS 

3.1.  Coating  Specimens  As-Received 

Three  (3)  samples  were  received  for  evaluation,  arbitrarily  labeled  as  CSA-1,  CSA-2,  and  CSA-3.  In 
addition,  the  vendor  supplied  two  (2)  metallographic  mounts  reported  as  (1)  thin  and  (2)  thick  Niobium- 
Boron  (Nb-B)  type  coatings  on  steel.  Representative  Images  of  each  of  the  coated  plate  specimens  for 
are  given  Figure  1.  The  surfaces  have  an  irregular  appearance.  CSA-1  exhibited  a  blackened  rough 
surface  on  one  side  of  the  specimen. 
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CSA-1 


CSA-2 


CSA-3 


Figure  1:  As-coated  plate  specimens. 

3.2.  Coating  Thickness  Measurements 

Table  I  gives  the  measured  coating  thickness  for  both  sides  of  all  as-received  specimens.  CSA-1  was  the 
thickest  coating  overall.  All  coatings  were  in  the  range  of  0.0002-0.0015"  (0.2-1. 5  mil).  This  is 
significantly  thinner  than  the  typical  engineering  Cr  plate  thickness  of  ~0.005".  The  vendor  reports  that 
coating  thickness  of  up  to  0.002"  are  achievable  for  the  Nb-B  based  coating. 
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Table  I:  Coating  thickness  data  for  as-received  specimens  (data  in  mils). 


Coating  thickness  in  mils  {0.001") 


CSA- 

■1 

CSA- 

■2 

CSA- 

3 

MeasureiTiGnt 

SIDE  1 

SIDE  2 

SIDE  1 

SIDE  2 

SIDE  1 

SIDE  2 

1 

0.24 

1.30 

0.04 

0.35 

0.16 

0.20 

2 

0.2E 

0.71 

0.04 

0.31 

0.12 

0.16 

3 

0.67 

1.46 

0.0S 

0.12 

0.12 

0.12 

4 

0.35 

1.46 

0.12 

0.12 

0.16 

0.24 

5 

0.2S 

1.10 

0.16 

0.20 

0.12 

0.24 

AVG 

0.36 

1.20 

0.0S 

0.22 

0.13 

O.IS 

STDEV 

0.1S 

0.31 

0.05 

0.11 

0.02 

0.05 

3.3.  Adhesion  Performance 

Adhesion  testing  was  completed  on  l"xl"  specimens  cut  from  each  plate.  SEM/EDS  evaluation  indicates 
that  all  the  coatings  were  the  Nb-B  type  coatings  and  that  no  adhesive  failure  as  observed.  Cohesive 
brittle  fracture  of  the  coating  was  observed  which  is  typical  of  hard  coatings.  This  indicates  the  coatings 
have  excellent  adhesion.  Figures  2  and  3  illustrate  the  surface  images  of  the  scribe-grid  pattern  along 
with  EDS  results  showing  no  exposed  steel.  However,  the  coating  does  appear  to  have  a  multi-layered 
type  structure  with  the  top  layer  having  a  significantly  higher  oxygen  concentration  indicating  some 
level  of  oxidation  of  the  surface.  The  surface  itself  is  nodular  in  appearance.  Boron  was  observed  to  be 
present  for  each  of  the  coatings.  Figures  4  and  5  give  the  similar  images  for  CSA-2  and  CSA-3. 
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Figure  2:  SEM  micrographs  of  CSA-1  subjected  to  adhesion  testing. 
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Electron  Image  2 


Figure  3:  SEM  micrograph  with  EDS  spectra  indicating  no  exposed  steel  for  CSA-1. 
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Figure  4:  SEM  micrographs  of  CSA-2  subjected  to  adhesion  testing. 


6 

Distribution  A:  Approved  for  public  release;  distribution  unlimited. 


Figure  5:  SEM  micrographs  of  CSA-3  subjected  to  adhesion  testing. 

3.4.  Microstructure/Composition 

Metallographic  examination  was  completed  on  each  of  the  specimens.  Figure  6-8  illustrate  cross- 
sections  of  all  the  coatings  with  images  at  500X  magnification  following  a  steel  Nital  etch.  Figure  6  shows 
CSA-1  Side  1  and  Side  2  coating.  Figures  7  and  8  show  the  thickest  sides  for  CSA-2  and  CSA-3  respectively 
along  with  views  of  the  steel  microstructure.  The  microstructures  of  the  specimens  indicate  various 
mixes  of  martensite,  bainite,  and  retained  austenite.  This  indicates  that  the  austenitizing  temperature  of 
the  steel  of  ~1375  °F  was  exceeded  either  during  the  coating  process  or  in  a  post-processing  step.  Figure 
9  illustrates  an  image  of  the  ''thick''  Nb-B  coated  metallographic  specimen  provided  by  CSA  Group 
indicating  that  a  thickness  of  0.002"  is  achievable. 
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SIDE1 


SIDE  2  (BLACK) 


Figure  6:  Metallographic  images  of  CSA-1  specimen. 


Figure  7:  Metallographic  images  of  CSA-2  specimen. 


Figure  8:  Metallographic  images  of  CSA-3  specimen. 
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Figure  9:  Metallographic  image  of  CSA  Group  provided  metallographic  specimen. 

Figure  10  illustrates  an  SEM  micrograph  and  associated  EDS  spectra  for  the  CSA-2  specimen.  The  coating 
exhibits  a  duplex  type  structure  with  a  layer  of  higher  oxygen  content  at  the  surface  as  illustrated  by 
spectrum  1.  Spectrum  2  indicates  a  Nb  rich  layer  while  spectrums  3,  4,  and  5  show  the  steel  substrate. 
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25|iuti 


Figure  10:  SEM  micrograph  and  associated  EDS  spectra  for  cross-section  of  CSA-2  (Note:  metallographic 
specimen  was  coated  with  gold  to  facilitate  evaluation  which  interferes  with  the  Nb  peak). 

Figure  11  illustrates  surface  images  of  the  CSA-1  specimen.  This  is  for  the  non-blackened  Side  1  of  the 
specimen.  Figure  12  gives  a  micrograph  and  associated  EDS  spectra  indicating  the  dark  areas  are  regions 
of  oxidized  material.  Figures  13  thru  15  provide  similar  information  for  CSA-2  and  CSA-3.  An  interesting 
feature  observed  on  the  surface  of  CSA-3  is  a  network  of  nanowires  emanating  from  some  of  the  surface 
grains  of  the  coating. 
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Figure  12:  SEM  micrograph  and  associated  EDS  spectra  for  CSA-1  surface. 
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Figure  14:  SEM  micrograph  and  associated  EDS  spectra  for  CSA-2  surface. 
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Figure  15:  SEM  micrographs  of  surface  of  CSA-3. 

4.  DISCUSSION  AND  CONCLUSIONS 

CSA  Group  has  successfully  demonstrated  a  well-adhered  Nb-B  based  layer  on  4340  steel.  The  material 
itself  could  prove  useful  for  a  number  of  applications.  However,  there  are  several  issues  with  respect  to 
processing  temperatures  that  pose  issues  for  high  strength  steels.  Evaluation  indicates  a  temperature 
higher  than  1375  °F  (4340  austenitization  temperature)  was  reached  at  some  point  in  the  processing  of 
the  specimens  based  on  the  characteristics  of  the  steel  microstructure.  This  is  undesirable  as  it  would 
necessitate  a  post  coating  heat  treatment  in  order  to  bring  back  strength  and  ductility  to  the  steel. 
Typically  coating  processes  must  be  kept  below  the  tempering  temperature  of  the  steel  (typically  in  the 
range  of  800-1200  °F)  to  maintain  strength.  In  the  case  where  residual  stresses  are  introduced  for  the 
purpose  of  fatigue  life  extension  of  high  strength  steel  components,  the  allowable  temperatures  are 
typically  even  lower.  The  high  level  of  surface  oxidation  also  indicates  that  the  surface  was  exposed  to 
an  oxidizing  atmosphere  at  elevated  temperature.  It  is  unclear  if  this  occurred  during  the  coating 
process  or  during  some  type  of  thermal  anneal  following  coating  to  promote  diffusion. 
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